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© Plant and method to produce strip (11), starting 
from thin slabs (29) produced by a continuous cast- 
ing plant (12), whereby the thin slab (29) undergoes 
at least one descaling step followed by a roughing 
step and a finishing step before being wound in 
coils, the mould being subjected to an oscillation 
action the conformation of which is at least partly 
correlated with the casting parameters (at least the 
speed, temperature and complex structure of the 
steel), and whereby the thin slab (29) leaving the 
crystalliser of the continuous casting plant (12) has a 
thickness between 70 and 100 mm. and travels at a 
speed between 2 and 10 metres per minute, the thin 
slab (29), before the roughing rolling step, staying at 



least in a furnace (16) at least maintaining the tem- 
perature of the slab (29) for a period correlated at 
least with the characteristics of the surface defects 
of the thin slab (29), the roughing rolling step being 
carried out at an outgoing speed of about 1.3 to 4 
metres per second so as to produce as output a bar 
(30) having a thickness between 16 and 40 mm., 
whereas the finishing rolling step is started with a 
speed between 30 and 85 metres per minute, de- 
pending on the finished thickness of the strip (11) 
and the thickness of the bar (30), each step of the 
method being controlled by monitors and managed 
by a data processing assembly (31) structured with 
a plurality of differentiated levels of management. 




fig. 3 
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This invention concerns a method to produce 
strip, starting from thin slabs produced by a con- 
tinuous casting plant as set forth in the main claim. 

The invention concerns also a plant to produce 
strip, starting from thin slabs, the plant being suit- 
able to carry out the above method. 

The state of the art includes various types of 
plants to produce strip, starting from thin slabs 
produced continuously by continuous casting, but 
all these plants entail a series of problems which 
have still not been overcome. 

Some plants of the state of the art, which we 
shall call type "A" for simplicity, tend in particular 
to roll the thin slab with thicknesses, when entering 
the rolling train, which are greater than the conven- 
tional thicknesses so as to be able to save energy 
in the heating of the thin slab. 

Other plants, which we shall call type "B" for 
simplicity, tend to introduce a direct rolling process 
with one or more roughing rolling mill stands im- 
mediately downstream of the casting plant and 
upstream of the shearing step so as to produce as 
output from the roughing rolling mill stands a bar 
having a thickness within the traditional range of 18 
to 35 mm. and even less if a reel in the hot state is 
included on which the bar is wound. 

In such plants the thin slab with a thickness of 
about 40V60 mm. is rolled on one or more roughing 
rolling mill stands, which work coupled to, and 
immediately downstream of, the continuous casting 
plant- 
Next, the bar with a thickness of about 18-35 
mm. is sheared and wound in a coil and is then 
unwound and sent to the finishing train. 

These systems provide the advantage that the 
finishing train works under proper known conditions 
inasmuch as it is working on a bar of a conven- 
tional thickness. 

As against this, the system entails a plurality of 
drawbacks due to the very low rolling speed in the 
roughing rolling mill stand or stands. 

To be more exact, the very low rolling speed 
leads to the creation of pyrocracks in the process- 
ing rolls and to the formation of scale in the rough- 
ing rolling mill stands owing to the high tempera- 
ture and low speed. 

These plants therefore involve the risk that the 
scale may be impressed on the processing rolls 
and thus may reduce their working life and effi- 
ciency considerably. 

Moreover, the systems to oscillate the moulds 
for thin slabs are designed to keep the functioning 
of their oscillation constant. 

Furthermore, the methods of the state of the 
art tend to make as short as possible the time of 
transfer of the thin slab from the continuous casting 
plant to the rolling mill so as to reduce the stay 
times and therefore the losses by oxidation. 



This approach, which is now deeply en- 
trenched in this highly specialised field of technol- 
ogy, on the one hand tends to save energy but on 
the other hand entails an unsatisfactory finished 

5 product. The reasons why the finished product is 
unsatisfactory are manifold. 

The high casting speed with thin slabs having a 
thickness of 40-60 mm. in plants with the normal 
surfaces of the meniscus in the crystalliser make 

10 difficult a proper melting of the powders and there- 
fore make unsatisfactory the lubrication which the 
molten powders should perform, so that the surface 
of the thin slab is impaired accordingly. 

The method of working of the oscillation units 

75 normally employed in the moulds for thin slabs 
does not adapt the type of oscillation to the spe- 
cific and properly timed requirements of the thin 
slab being formed. 

This situation prevents a correct linear release 

20 from the wall of the crystalliser and has an un- 
favourable effect on the surface of the thin slab. 

The swift progress of the thin slab in the tem- 
perature-maintaining furnace does not enable the 
surface layer of the thin slab to be affected 

25 favourably in a desired manner. 

The reduced speeds of the roughing rolling 
have an unfavourably effect on the surface of the 
finished product since hard fragile scale forms. 

In plants of type "A" the use of a great thick- 

30 ness (normally 45 mm. or more) of the bar entering 
the finishing train leads, on the one hand, to a 
greater production of scale and, on the other hand, 
to the production of scale with a high content of 
Fe 3 0* or Fe 2 0 3 . 

35 This is due to the fact that the surface tem- 

perature of this type of bar during rolling is always 
high and, even when it is brought down to lower 
values (for instance, by descaling with jets of wa- 
ter), the great reserve of heat within the bar and the 

40 low rolling speed take the surface of the bar quick- 
ly back up to a high temperature at which the scale 
is produced swiftly and is produced with hard ox- 
ides. 

This scale not only creates surface faults on 
45 the strip being produced but also leads to a great 
abnormal wear of the rolling rolls. 

It is known that, if the surface temperature of a 
bar is kept between a minimum temperature of 
700 • C and a maximum temperature of 930 * C, the 
so oxides that form consist mainly of FeO, while the 
percentages of Fe3C>4 and Fe2C>3 are very low. 

FeO produces a malleable scale that can be 
rolled and forms a continuous and substantially 
even film, which does not break readily and there- 
55 fore substantially does not cause problems and 
does not produce surface faults during subsequent 
rolling of the bar in the finishing train. 
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Instead, Fe 3 0 4 and Fe 2 0 3 are very hard, frag- 
ile oxides which, when rolled, break in an uneven 
manner and cause wear in the processing rolls and 
surface faults, which lower the quality of the strip 
produced. 

In plants of type "A" the thermal capacity of 
the bar being rolled is such that the heat released 
from the core of the bar has enough time to bring 
the surface temperature of the bar above the opti- 
mum value of 930 °C. 

Fig.la is a diagram of a finishing train of a 
known plant producing strip from thin slabs, the 
train comprising in this case six finishing stands, 
with an emergency shears and a descaling unit 
positioned upstream of the train. 

In this plant the bar reaches the inlet of the 
finishing train with a thickness of at least 40 mm. 
and with an intake speed between about 20 and 35 
metres per minute. 

Fig. 1b is a diagram of the development of the 
surface, internal and mean temperatures respec- 
tively of the bar in the finishing train of Fig.1 a. 

It is clear that the surface temperature at sev- 
eral measurements is above 930 °C, thereby gen- 
erating scale consisting of FeaCX and FesCb. 

Fig.lc shows a plant of the type "A", in which 
can be seen, in sequence and in a rough sketch, a 
mould with a relative continuous casting plant for 
thin slabs, a shears which shears to size the thin 
slab leaving the continuous casting plant, a heating 
furnace five times as long as the length of the 
sheared slab, a shears for service shearing, a 
finishing train consisting of six four-high rolling mill 
stands and a finishing treatment segment. 

Normally in plants of type "A" the thin slab 
reaches the finishing rolling mill stands with a thick- 
ness of 50-55 mm. 

This type of plant, besides the defects already 
disclosed, works badly since the rolling mill stands 
work at a low speed and the danger of growth of 
scale is constant and great. 

Fig.ld shows a plant of the type "B n , in which 
can be seen, in sequence and in a rough sketch, a 
mould with a relative continuous casting plant for 
thin slabs, this continuous casting plant including a 
treatment of soft-reduction of the thin slab, two 
roughing rolling mill stands, an emergency shears, 
a winding unit, another emergency shears, a finish- 
ing assembly consisting of four rolling mill stands 
and a finishing treatment segment. 

In this type of plant, besides the defects al- 
ready disclosed, the roughing rolling mill stands 
receive a thin slab with a thickness of about 40-45 
mm. and therefore work very badly. 

US-A-5,235,840 arranges that a continuous, in- 
tense removal of scale is carried on so as to 
eliminate from the surface of the bar the hard scale 
of iron oxides so that such scale does not affect 



the final result of the rolling. 

Such a lay-out is shown in Fig. 2a and the 
relative diagram of the temperatures is shown in 
Fig.2b. This teaching provides for elimination of the 

5 scale, which forms after the conventional descaling 
unit, immediately upstream of the rolling mill 
stands of the finishing train by means of appro- 
priate auxiliary descaling units. 

Without these descaling units the hard scale 

10 detached unevenly would generate anomalous 
wear of the rolling rolls and, in some cases, would 
remain pressed into the surface of the strip. 

These intermediate descaling units cool, mean- 
while, the surface of the bar being fed, but owing to 

rs the low speed of feed in the space between the 
descaling unit and the relative rolling mill stand the 
surface temperature rises again to values very 
close to the physiological limit of 930 • C. This has 
the effect that there is the risk that scale of very 

20 hard oxides is produced on the surface of the bar 
before the rolling performed by the finishing stand. 

In fact, these plants entail the problem that the 
slab enters the finishing rolling mill at a very low 
speed, which produces an outgoing bar with a poor 

25 surface quality, and the bar may have the scale 
impressed on its surface. 

Moreover, these plants have a very limited 
storage capacity, which may create problems if the 
line downstream of the storage has to be halted, for 

30 instance by a breakdown or for maintenance. 

The small size of the storage area causes the 
need, where the downstream line is halted, to send 
for scrap the slabs produced by the continuous 
casting plant or else to halt the continuous casting 

35 plant itself. 

The present applicants have designed, tested 
and embodied this invention to overcome the shor- 
tcomings of the state of the art and to achieve 
further advantages. 

40 This invention is set forth and characterised in 

the respective main claims, while the dependent 
claims describe variants of the idea of the main 
solution. 

The purpose of the invention is to provide a 
45 method to produce strip, starting from thin slabs, 
the method enabling a finished product of a high 
quality to be obtained. 

In an overall perspective of the process, the 
method according to the invention arranges to take 
so corrective action on the configuration of the mould, 
on the casting method, on the method of feed of 
the thin slab in the heating furnace and on the 
rolling method so as to produce a finished strip 
having a high, desired, intrinsic surface quality. 
55 To be more exact, given an equal output, in the 

method according to the invention the continuous 
casting of the thin slab is carried on at a speed 
relatively lower than that of a continuous casting 



3 



5 



EP 0 674 952 A1 



6 



with a thin slab 40-60 mm. thick inasmuch as the 
thin slab leaving the crystalliser has relatively great 
thicknesses between 70 and 100 mm. 

This contrivance makes it possible to have a 
casting chamber in the crystalliser with an ample 
surface and with great volumes, thus reducing the 
turbulence of the molten metal, improving the melt- 
ing of the lubricating protective powders and im- 
proving the uniformity of the temperature and con- 
trol thereof in the crystalliser itself. The better melt- 
ing of the powders optimises their lubricating effect 
between the sidewall of the crystalliser and the 
forming skin of the thin slab. Moreover the proper 
control of the temperature improves the product. 

In the method according to the invention a 
mould can be used advantageously which is of a 
type having movable sidewalls to adjust the width 
of the thin slab, the casting chamber of the mould 
extending along the longitudinal length of the 
mould and including a lateral enlargement at least 
in one long sidewall. 

The lateral enlargement may be constant along 
the whole length of the casting chamber or may 
decrease substantially progressively in the length- 
wise and/or transverse directions as it proceeds 
towards the outlet of the crystalliser. 

According to another variant the mould may 
have a terminal segment with a constant cross- 
section. 

A mould of this type with a lateral enlargement 
makes possible a still more ample meniscus and 
thus improves the melting capacity of the lubricat- 
ing powders; moreover, the great volume of molten 
metal thus produced lessens the turbulence and 
obviates the incorporation of powders and slag in 
the thin slab, thus improving the quality of the thin 
slab produced. 

Moreover, by using a mould of the above type 
an improvement is achieved in the internal qualities 
of the thin slab, which can undergo thereafter a 
soft-reduction step with considerable technological 
advantages provided by the differentiated longitudi- 
nal central mass thus made greater than the lateral 
masses included in the thin slab leaving the 
crystalliser. 

In the method according to the invention the 
oscillation of the mould is brought about intention- 
ally with a hydraulic system so that it can be 
adjusted continuously during the casting as regards 
its amplitude, frequency and waveform, depending 
on a plurality of casting parameters, (speed, tem- 
perature, types of steel, etc.). 

In a preferred but not restrictive form the os- 
cillation of the mould is carried out according to an 
asymmetric cycle by having a very high speed of 
lowering of the mould and a lower speed of re- 
ascent of the mould. This oscillation cycle causes a 
sharp descent of the mould and a slow reascent, 



thus improving release of the slab. 

The method according to the invention ar- 
ranges also to deliver the thin slab leaving the 
continuous casting plant into a furnace, which at 

5 least maintains the temperature of the slab and 
may even heat the slab during a stay time such as 
will produce the desired thickness of scale, this 
thickness of scale being intentionally correlated 
with the depth of the surface micro-defects in the 

io thin slab. 

The method according to the invention pro- 
vides for the first rolling step in the roughing train 
to be carried out so as to produce a bar which, 
when rolled in the finishing train, enables param- 

;s eters of thickness, speed of feed and surface tem- 
perature to be used which are such as to prevent 
the formation of scale with hard, fragile oxides. 

The method according to the invention there- 
fore makes it possible, on the one hand, to reduce 

20 wear and abrasion of the rolls of the stands of the 
finishing train and, on the other hand, to prevent 
the produced scale from creating surface defects 
on the strip. 

The method according to the invention frees 

25 the roughing step from depending on the continu- 
ous casting process, in which the thin slab moves 
forward at a speed between 2 and 10 metres per 
minute, and carries out the step of roughing the 
thin slab at an optimum rolling speed of about 1.3 

30 to 4 metres per second when leaving the roughing 
rolling stands. 

According to the invention the bar leaving the 
roughing train has a thickness between 16 and 40 
mm., but advantageously 20-25 mm. 

35 The bar with a maximum thickness of 40 mm. 

is then introduced into the finishing train at an 
intake speed between 30 and 85 metres per 
minute, depending on the intended finished thick- 
ness of the strip and the intake thickness of the bar 

40 entering the finishing train. 

In the method according to the invention the 
bar leaving the roughing train undergoes a de- 
scaling step, which also brings its surface tempera- 
ture down to about 700 • C. 

45 With the method according to the invention the 

surface temperature of the bar being rolled in the 
finishing train is substantially always between 700* 
and 930 • C, with the result that the reduced quan- 
tity of the scale formed consists essentially of 

50 malleable oxides such as FeO. 

According to a first arrangement of the inven- 
tion the method to produce strip according to. the 
invention is of a continuous type, and the bar 
leaving the roughing train and therefore entering 

55 the finishing assembly cooperates with tempera- 
ture-maintaining means consisting of a suitably in- 
sulated tunnel furnace equipped with burners to 
maintain the temperature of the bar. This tunnel 
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furnace also may have the purpose of increasing 
the temperature of the bar. 

In this arrangement the tunnel furnace advanta- 
geously includes a hood which can be opened to 
facilitate access to the bar being processed in the 
event of an obstruction downstream; 

In a second arrangement of the invention the 
method to produce strip according to the invention 
is of a type with a head-to- tail inversion of the bar 
leaving the roughing train and provides for the bar 
to be introduced into a coil box, in which the bar is 
wound to form a coil before being sent to the 
finishing train. 

The coil box includes advantageously a wind- 
ing station and an unwinding station so as to make 
possible at the same time the winding of a new coil 
and the unwinding of the coil just completed so as 
to feed the downstream finishing train. 

The production plant according to the invention 
comprises other auxiliary units such as, for in- 
stance, measurement units at the roughing train 
and/or finishing train. These measurement units 
have the task of checking the temperature, thick- 
ness, width and flatness of the slab and strip as 
well as the transverse profile of the strip so as to 
ensure by means of the relative checking systems 
that the outgoing product is of a quality possessing 
the desired properties. 

The strip leaving the finishing train is sent 
advantageously to a strip-coiling unit for production 
of coils, which are then removed from the plant. 

According to the invention the whole system is 
controlled and managed, by a data processing as- 
sembly structured with a plurality of specialised 
data processing units divided into a plurality of 
differentiated levels of management and interacting 
on the basis of those different levels. 

This data processing assembly controls not 
only the temperature of the slab and the working 
conditions of the various components of the plant 
such as speed and temperature but also controls 
the development of the cycle, storing anomalies in 
the extraction of the slab from the crystal liser, 
imperfect adjustments of the machines and/or of 
the furnaces, lack of working continuity and any 
other faults which may affect the finished result. 

The attached figures are given as a non-restric- 
tive example and show three preferred lay-outs of 
the invention as follows:- 

Fig.la is a diagram of the finishing train of a 
plant of a known type to produce 
strip, starting from thin slabs with an 
ingoing thickness between 40 and 60 
mm. on entry into the rolling train; 
Fig.tb is a diagram of the development of 
the surface, internal and mean tem- 
peratures of a bar in the finishing train 
of Fig. 1a; 



Fig.ic is a diagram of a plant of the state of 
the art of type "A"; 

Fig.ld is a diagram of a plant of the state of 
the art of type "B"; 
5 Fig. 2a is a diagram of the finishing train of 

the plant to produce strip, starting 
from thin slabs, according to the dis- 
closure of US-A-5,235,840; 

Fig. 2b is a diagram of the development of 
w the surface, internal and mean tem- 

peratures of a bar in the finishing train 
of Fig. 2a; 

Fig. 3 is a plan view of a plant to produce 
strip continuously, starting from thin 
;s slabs, according to the invention; 

Fig. 4 is a plan view of a first variant of the 
plant to produce strip, starting from 
thin slabs, according to the invention; 

Fig. 5 is a plan view of a second variant of 
20 the plant to produce strip, starting 

from thin slabs, according to the in- 
vention; 

Fig. 6a is a diagram of the finishing train of 
the plant to produce strip, starting 
25 from thin slabs, according to the in- 

vention; 

Fig. 6b is a diagram of the development of 
the surface, internal , and mean tem- 
peratures of a bar in the finishing train 
30 of Fig.6a; 

Fig. 7 is a diagram of the development of 
the vertical position of the mould as a 
function of time during continuous 
casting. 

as The reference number 10 in the attached fig- 

ures denotes generally a plant to produce strip, 
starting from thin slabs 29, according to the inven- 
tion. 

The production plant 1 0 according to the inven- 

40 tion enables strip 11 to be produced from a plant 
12 continuously casting thin slabs 29, the strip 11 
having an excellent surface quality. 

The method according to the invention ar- 
ranges to cast at a speed suitable to produce a thin 

45 slab 29 of a thickness between 70 mm. and 100 
mm., this low casting speed being between 2 and 
10 metres per minute. 

In the method according to the invention the 
mould is associated with a hydraulic oscillation 

50 unit, which subjects the mould to an oscillatory 
action, the parameters of which, such as amplitude, 
frequency and waveform, are at least correlated 
with the casting parameters, such as casting speed 
and temperature. 

55 In the method according to the invention all the 

parameters of the oscillation of the mould, such as 
amplitude and frequency of oscillation and 
waveform, can be adjusted continuously during the 
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casting according to the casting speed and tem- 
perature and the grade of the steel. 

In a preferred, but not restrictive, form of the 
invention the mould is caused to oscillate advanta- 
geously so as to have a speed of descent much 
greater than its speed of reascent, as is shown in 
the diagram of Fig. 7 as an example. 

The invention arranges that a shearing unit 26 
is included downstream of the continuous casting 
plant 12 and shears to size the emerging thin slab 
29. 

The method according to the invention ar- 
ranges to carry out rolling steps in the rolling 
assemblies, namely a roughing assembly 14 and a 
finishing assembly 15 respectively, at high speeds 
of feed of bars 30 having a modest thickness. 

To be more exact, the production plant 10 
according to the invention enables the roughing 
step to be carried out on a thin slab 29 travelling at 
a speed of about 1 .3 to 4 metres per second when 
leaving the roughing stand and makes it possible to 
have a bar 30 of a thickness between 16 and 40 
mm., but advantageously between 20 and 25 mm., 
at the inlet of the finishing train 15. 

The above two features enable a strip 1 1 to be 
produced with a minimum formation of scale and 
the surface temperature of the bar 30 within the 
finishing train 15 to be kept between 700* and 
930 " C, with a resulting formation of scale consist- 
ing mainly of malleable oxides such as FeO. 

The strip 11 produced by the method accord- 
ing to the invention is therefore of a high quality 
and substantially free of surface faults. 

According to a first lay-out the production plant 
10 is of a continuous type (Fig .3), whereas accord- 
ing to a second lay-out of the invention the produc- 
tion plant 110 includes a head-to-tail inversion of 
the bar 30 (Fig. 4). 

The continuous production plant 10 comprises 
a continuous casting plant 12 consisting in this 
case of two parallel continuous casting units, each 
of which is upstream of a temporary store 1 3 for 
thin slabs 29 (or else upstream of a furnace per- 
forming the task of a heating furnace or a tempera- 
ture-maintaining furnace), the length of the tem- 
porary store 13 being about four to five times the 
length of the sheared slab. 

According to a variant the continuous casting 
plant 12 consists of one single casting unit. 

A temperature monitor is included downstream 
of the continuous casting plant 12; a unit to monitor 
the temperature of the molten metal may be pro- 
vided in cooperation with the crystalliser. 

The store 13 enables the roughing assembly 
14 to be freed from depending on the upstream 
continuous casting plant 12 and the roughing step 
to be therefore carried out at the desired speed- 



Downstream of the temporary store 1 3 there is 
advantageously included a shearing unit 26 suit- 
able, if so required, to shear the sheared slabs to a 
shorter size. 

5 In this case a furnace 16 able at least to 

maintain the temperature of the thin slabs 29 is 
included downstream of the continuous casting 
plant 12 so as to increase the flexibility of the plant 
and to prevent any downtimes of the plant 10 in 

io the event of accidents occurring upstream or down- 
stream of the furnace 16. 

This furnace 16 may make possible an axial 
feed of the thin slabs 29 or a feed at a right angle 
to the lengthwise axis of the thin slabs 29. 

75 Moreover, this at least temperature-maintaining 

furnace 16 according to the invention enables the 
stay time of the thin slab 29 to be increased with a 
resulting formation of a scale having a thickness 
correlated with the depth of the micro-faults in the 

20 surface of the thin slab 29. 

Moreover, this at least temperature-maintaining 
furnace 16 makes it possible to act by temperature 
and stay-time on the thin slab 29 according to the 
casting temperature or to the temperature of the 

25 thin slab 29 or to the composition of the steel alloy. 

Downstream of the at least temperature- main- 
taining furnace 16 the thin slab 29 cooperates with 
a roughing assembly 14 comprising a vertical roll- 
ing mill stand and two horizontal rolling mill stands 

30 in this case. 

According to a variant the roughing assembly 
1 4 comprises horizontal stands alone. 

According to a further variant the roughing as- 
sembly 14 comprises a horizontal rolling mill stand 

35 and a vertical rolling mill stand. 

The thin slab 29 cooperates, upstream of the 
roughing assembly 14, with a first descaling unit 
17a and with a possible measurement unit 18. 

In the example of Figs. 3 and 4 the measure- 

40 ment unit 18 is shown downstream of the roughing 
assembly 14. 

According to a variant the thin slab 29 is rolled 
on its sides by vertical rolling mill stands upstream 
of the first descaling unit 17a 

45 The bar 30 cooperates, downstream of the 

roughing assembly 14, with a tunnel furnace 23 
containing an insulated roller conveyor 19 to main- 
tain the temperature of the bar 30. The tunnel 
furnace 23 contains advantageously a plurality of 

so temperature-maintaining burners 20 and may in- 
clude a movable hood system to facilitate access 
to the roller conveyor 19 for maintenance work or 
to remove the bar 30 in the event of an obstruction. 
The bar 30 then cooperates with the finishing 

55 assembly 15, which generally comprises from four 
to seven horizontal rolling mill stands 21 to roll the 
bar 30 until a strip 11 of the desired thickness has 
been produced. 
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In this example an emergency shears 26 is 
included at the inlet of the finishing assembly 15 to 
shear the bar 30 in the event of accidents and/or 
breakdowns. 

This emergency shears 26 also performs the 
cutting of the normal slabs into desired portions so 
as to obtain two or more coils of a reduced weight. 

The bar 30 entering the finishing assembly 15 
has a thickness between 16 and 40 mm., but 
advantageously between 20 and 25 mm. 

At least one second descaling unit 17b posi- 
tioned upstream of the finishing assembly 15 is 
included with the function of descaling and with the 
function of keeping the surface temperature of the 
bar 30 within the optimum range of 700 • C-930 • C. 

The finishing assembly 15 shown in Fig.2a is 
of the type disclosed in US-A-5,235,840 and in- 
cludes a plurality of auxiliary descaling units 17c 
positioned between one rolling mill stand 21 and 
the next one to carry out an intense and substan- 
tially continuous action to remove scale; this plant 
entails the shortcomings disclosed in the state of 
the art. 

Fig.6a shows as an example a diagram of a 
finishing assembly 15 of a plant 10 to produce strip 
11 from thin slabs 29 according to the invention; in 
this case the finishing assembly 15 comprises six 
rolling mill stands 21 installed downstream of the 
second descaling unit 17b. 

The diagram of Fig.6b shows a possible devel- 
opment of the internal 22a, surface 22b and, with 
lines of dashes, mean 22c temperatures respec- 
tively of the bar 30. 

The strip 11 leaving the finishing assembly 15 
slides on a removal roller conveyor 24, which feeds 
the strip 11 to a winding unit 25. 

In the plant 110 to produce strip 11 from thin 
slabs 29, as shown in Fig.4, the tunnel furnace 23 
is replaced by a coil box 27, in which there takes 
place the head-to-tail inversion of the bar 30 leav- 
ing the roughing train 14 before being fed to the 
finishing train 15. 

A shearing unit 26 is included upstream and/or 
downstream of the coil box 27 and has the task of 
an emergency shears and of shearing the bar 30 to 
shorter lengths. 

The coil box 27 includes advantageously a 
winding station 28a and an unwinding station 28b, 
with which a transfer unit cooperates in transferring 
the wound coil from the winding station 28a to the 
unwinding station 28b. 

To be more exact, in the production plant 110 
according to the invention the coil, after having 
been completely wound in the winding station 28a, 
is transferred to the unwinding station 28b, where 
the unwinding step begins. 

According to a variant, when the bar 30 has 
been completely wound in the winding station 28a, 



the unwinding step begins and the coil is then 
transferred to the unwinding station 28b where the 
unwinding continues, while a new bar 30 can be 
wound in the winding station 28a. 

5 Fig. 5 shows a plant 210 in which two continu- 

ous casting units 12 are positioned at the opposite 
sides of the at least temperature-maintaining fur- 
nace 16, while the rolling line is substantially lo- 
cated on the median line of the at least tempera- 

10 ture-maintaining furnace 16. 

The plant 10-110-210 according to the inven- 
tion includes a data processing assembly 31 struc- 
tured with a plurality of data processing units pos- 
sessing differentiated levels of management, the 

75 data processing assembly 31 being associated with 
a plurality of monitors such as a casting speed 
monitor, a monitor for the temperature of the mol- 
ten metal in the mould, a monitor for the tempera- 
ture of the sidewall of the crystalliser, a monitor of 

20 surface faults on the thin slab 29, a monitor for the 
temperature of the thin slab 29, monitors of the 
speed of feed and temperature of the temporary 
store 13, monitors of the speed of feed and tem- 
perature of the at least temperature-maintaining 

25 furnace 16, monitors of the speed of feed and 
temperature of the tunnel furnace 23, monitors of 
the rolling pass (adjustment) and speed of feed of 
the roughing assembly 14 and of the machines 
associated therewith, monitors of the rolling pass 

30 (adjustment) and speed of feed of the finishing 
assembly 1 5 and of the machines associated there- 
with. 

Instead of, or to assist and make comparisons 
with, the monitors, the data processing assembly 

35 31 can contain a plurality of maps or files which 
relate the type of steel to the casting and process- 
ing characteristics and determine statistically, with 
a high degree of reliability, the characteristics or 
type of the working parameters at each point of the 

40 plant. 

The data processing assembly 31 performs a 
plurality of functions including: 

- controlling the casting parameters and var- 
ious systems; 

45 - the cooling speed; 

- the soft reduction; 

- controlling the continuous casting parameters 
with adaptation of the casting speed and oth- 
er parameters in the event of an incipient 

50 danger of a break-out; 

- controlling and actuating the oscillation unit of 
the mould to determine the oscillation param- 
eters such as amplitude, frequency and 
waveform of the oscillations; 

55 - controlling and regulating the speed of move- 
ment of the thin slab 29 at least in the at 
least temperature-maintaining furnace at least 
according to the surface faults; 
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- controlling and regulating the rolling param- 
eters (temperature, speed and thickness) in 
the roughing train 14 and finishing train 15 
and the cooling parameters on the roller con- 
veyor 24 at the outlet of the finishing train 5 
and the parameters of the winding of the 
reels. 

Moreover, the data processing assembly 31 , as 
it consists of a plurality of data processing units 
specialised in specific functions and interacting io 
with each other on the basis of differentiated inter- 
active levels of management, enables the path of 
the product leaving the crystalliser to be followed in 
its various transformations until it becomes the 
finished product. ?5 

This, together with the other functions, makes 
possible a complete and exhaustive control of the 
process, at the same time providing all the informa- 
tion connected to each point and result of the 
process. 20 

This system enables the data processing as- 
sembly 31 to obtain information, to create new data 
storages, to rebalance the process and to act up- 
stream when situations downstream make neces- 
sary some modifications of the upstream process. 25 

Moreover, the data processing assembly 31, 
by storing anomalies at various points and momen- 
tary anomalies of this or that furnace or of this or 
that machine, is able to take action in the down^ 
stream passes to eliminate or at least to reduce 30 
considerably the qualitative faults which such 
anomaly or anomalies entail in the finished product. 

Claims 

1. Method to produce strip (11), starting from thin 
slabs (29) produced by a continuous casting 
plant (12), whereby the thin slab (29) under- 
goes at least one descaling step followed by a 
roughing step and a finishing step before being 40 
wound in coils, the method being characterised 
in that the mould is subjected to an oscillation 
action the conformation of which is at least 
partly correlated with the casting parameters 
(at least the speed, temperature and complex 45 
structure of the steel), and in that the thin slab 
(29) leaving the crystalliser of the continuous 
casting plant (12) has a thickness between 70 
and 100 mm. and travels at a speed between 2 
and 10 metres per minute, the thin slab (29), so 
before the roughing rolling step, staying at 
least in a furnace (16) at least maintaining the 
temperature of the slab (29) for a period cor- 
related at least with the characteristics of the 
surface defects of the thin slab (29), the rough- 55 
ing rolling step being carried out at an out- 
going speed of about 1.3 to 4 metres per 
second so as to produce as output a bar (30) 



having a thickness between 16 and 40 mm., 
whereas the finishing rolling step is started 
with a speed between 30 and 85 metres per 
minute, depending on the finished thickness of 
the strip (1 1 ) and the thickness of the bar (30), 
each step of the method being controlled by 
monitors and managed by a data processing 
assembly (31) structured with a plurality of 
differentiated levels of management. 

2. Method as in Claim 1, whereby the functioning 
of the oscillation unit of a hydraulic type asso- 
ciated with the mould is governed by a data 
processing assembly (31) and is associated at 
least with means that monitor the casting 
speed and the temperature of the liquid metal 
in the mould, the data processing assembly 
(31) determining at least two of the following 
parameters of the oscillation imparted to the 
mould by the oscillation unit: frequency, am- 
plitude and waveform. 

3* Method as in any claim hereinbefore, whereby 
the speed of movement of the thin slab (29) in 
the at least temperature-maintaining furnace 
(16) is governed by the data processing as- 
sembly (31) associated at least with a system 
to monitor/define surface faults on the thin slab 
(29) and/or the type and quality of the steel. 

4. Method as in any claim hereinbefore, whereby 
a temporary store (13) having the purpose of 
maintaining or raising the temperature is in- 
cluded between the continuous casting plant 
(12) and the at least temperature-maintaining 
furnace <16). 

5. Method as in any claim hereinbefore, whereby 
the thickness of the bar (30) leaving the rough- 
ing assembly (1 4) is between 20 and 25 mm, 

6. Method as in any claim hereinbefore, whereby 
the bar (30) leaving the roughing train (14) 
undergoes a descaling step at least to lower its 
surface temperature to about 700 • C. 

7. Method as in any claim hereinbefore, whereby 
the bar (30) is inverted by a coil box (27) 
between the roughing assembly (14) and the 
finishing assembly (15) 

8. Plant to produce strip (11), starting from thin 
slabs (29) produced by a continuous casting 
plant (12), the plant being characterised in that 
it entails at least four of the following factors: 

- the mould includes a crystalliser having a 
thickness of its outlet between 70 and 
100 mm.; 
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- the mould is associated with a hydraulic 
oscillation unit governed by a data pro- 
cessing assembly (31); 

- the stay time of the thin slab (29) at least 
in the furnace (16) at least maintaining 
the temperature of the slab (29) is deter- 
mined by the data processing assembly 
(31) at least according to the surface 
defects of the slab (29); 

- a roughing assembly (14) produces as its 
output a bar (30) having a thickness be- 
tween 16 and 40 mm., and 

- a finishing assembly (15) receives the 
bar (30) having a thickness between 16 
and 40 mm. and travelling at an input 
speed between 30 and 85 metres per 
minute; 

the data processing assembly (31) consisting 
of a plurality of specialised data processing 
units interacting with differentiated levels of 
management, the data processing assembly 
(31) being associated with the various compo- 
nents of the plant by means of monitors and 
governing at least the furnaces (16-23) and the 
unit for performing hydraulic oscillation of the 
mould. 

9. Plant to produce strip (11) as in Claim 8, in 
which the hydraulic oscillation unit comprises 
means to condition at least two of the following 
oscillation parameters: 

- amplitude of oscillation; 

- frequency of oscillation; 

- waveform. 

10. Plant to produce strip (11) as in Claim 8 or 9. 
in which the data processing assembly (31) is 
associated at least with means to monitor the 
casting speed and means to monitor the tem- 
perature of the liquid metal in the mould. 

11. Plant to produce strip (11) as in any of Claims 
8 to 10 inclusive, in which the crystalliser is 
associated with a plurality of temperature mon- 
itors suitable to prevent a break-out. 



(13) having a length about 4 to 5 times the 
length of the sheared thin slab (29) is included 
between the continuous casting plant (12) and 
the temperature-maintaining furnace (16). 

5 

15. Plant to produce strip (11) as in any of Claims 
8 to 14 inclusive, which comprises at least one 
continuous casting plant (12) with soft reduc- 
tion, a shearing unit (26), a temporary store 

w (13), an at least temperature-maintaining fur- 

nace (16), a roughing assembly (14) and a 
finishing assembly (15). 

16. Plant to produce strip (1 1) as in any of Claims 
75 8 to 15 inclusive, in which a temperature- 
maintaining tunnel furnace (23) is included be- 
tween the roughing assembly (14) and the 
finishing assembly (15). 

20 17. Plant to produce strip (11) as in any of Claims 
8 to 16 inclusive, in which a coil box (27) for 
head-to-tail inversion of the bar (30) is included 
downstream of the roughing assembly (1 4) and 
upstream of the finishing assembly (15). 

25 

18. Plant to produce strip (11) as in any of Claims 
8 to 17 inclusive, in which the temperature- 
maintaining tunnel furnace (23) includes bur- 
ners (20). 

30 

19. Plant to produce strip (11) as in any of Claims 
8 to 18 inclusive, in which the data processing 
assembly (31) includes a plurality of specialis- 
ed data processing units governed on the ba- 

35 sis of differentiated levels of management. 



12. Plant to produce strip (11) as in any of Claims. 
8 to 11 inclusive, in which the bar (30) leaving 
the roughing assembly (14) has a thickness 
between 20 and 25 mm. so 



13. Plant to produce strip (11) as in any of Claims 
8 to 12 inclusive, in which a shearing unit (26) 
is included immediately downstream of the 
continuous casting plant (12). 55 

14. Plant to produce strip (11) as in any of Claims 
8 to 13 inclusive, in which a temporary store 



9 



EP 0 674 952 A1 




10 



EP 0 674 952 A1 




11 




12 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Aaattcatioa Nnakr 

EP 95 10 2881 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


CkatioB oT ikMjajMJU with inaicadoa, where appropriate, 
of relevant passages 


Relevant 


ICCIBiriTinN AD TUV 

UJiaainiiiAiiun up iiu> 
APPLICATION (btCLf) 


A 


EP-A-0 320 846 (HITACHI LTD) 

* column 8, line 21 - column 10, line 38; 
figures * 


1.5,6,8, 

12.13, 

15,18 


B2 IB 1/46 
B22011/12 
B2 IB 1/26 


A 


STAHL & EISEN, 

vol.108, no. 3, 8 February 1988, DOSSELDORF 
DE 

pages 99 - 109 

G. F LEMMING ET AL 'Walzen von 
stranggegossenen Vor bander und 
anlagetechnische Konsequenzen fur den Bau 
von Warmband-Produktionsanlagen' 
* page 106, right column, line 38 - page 
107, left column, line 36; figures 23,26 * 


1,5,8, 
12,13, 
15, 17 




A 


PATENT ABSTRACTS OF JAPAN 

vol. 7, no. 55 (M-198) 5 March 1983 

& JP-A-57 202 952 (SHIN NIPPON SEITETSU 

K.K.) 13 December 1982 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 8, no. 112 (M-298) 25 May 1984 

& JP-A-59 021 457 (SHIN NIPPON SEITETSU 

K.K.) 3 February 1984 

* abstract * 


1,2,8-1C 








TECHNICAL FIELDS 
SEARCHED (lm.CL*) 


A 


1,2,8-lC 


B21B 

B22D 


A 


Vf0-A-89 11363 (MANNESMANN AG ET AL) 

* page 15, line 12 - line 25; figures * 


1,5,8,12 




A 


STEEL TIMES INCORPORATING IRON & STEEL, 

vol.217, no. 12, December 1989, REDHILL GB 

page 658, XP000087768 

'Upgrading the walking beam furnace 1 

* page 658, left column, line 38 - right 

column, line 8 * 

-/-- 


1,3,8,17 




The present Beaten report kas been arawn op far all claims 







plan «f uarca 

THE HAGUE 



9 June 1995 



Plastiras, D 



CATEGORY OF CITED DOCUMENTS 

X : particDJarty rdevaat if taken atooe 
Y : parocuUrty retevaal if coabiod with 
eocanteat of the same category 



T : theory or priadale uaaerlyiac the brrentiao 
E : euU«r faXmt foantnt, eat pahttshW on, or 
after toe flting iata 



D : iocuMt died io the appHcatloe 
L : eoanaeot dtea for otber reasons 



A: 
O 

P : taterm^tate 



A : umber of the saate pateat family, cemraoaana: 



J 



Evropemn Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 95 10 2881 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cotcfory 



of retev— t pm 



CLASSIFICATION OF THE 
APPLICATION (Int-Cl** 



A 

D,A 



GB-A-2 184 675 (MANNESMANN AG) 
* abstract; figure 1 * 

US-A-5 235 840 (BLAZEVIC) 



1,2 



TECHNICAL FIELDS 
SEARCHED <Ut.C1-*) 



ircfe report ham been tMrmwm up for all < 





DM* mt cm*MIh W Ob mnft 




THE HAGUE 


9 June 1995 


Plastlras, D 



CATEGORY OF CITED DOCUMENTS 

X : Krd<aiulT rdmnt ff taken atom 

Y : particularly nl«vut If crabto«* with another 

tfocuMDt of tfee ni« cttetory 
A : ttcteotogkai bMkfrooiid 

O: 
P: 



T : dMorj or prtodplo ■DtfcrWtng *« h»*«ntloo 
E : earlier pttst «onnwi, tot published ao., c 

after the fltiag cat* 
D : oocmcat dtoi in th« application 



41 : orator of tb« san« patent fan%, csiraspMiJng 



